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DEMONSTRATION OF INTEGRATED SERVICES SWITCHED NETWORK
FOR ADVANCED C4I AIRCRAFT

1.0 INTRODUCTION

Rapid reaction forces (RRF’s) deployed to remote theaters of operation in future
conflicts will increasingly have to rely on C4I assets which they bring to the theater
with them. Because of their significant capability, speed of response, survivability and
ability to go about anywhere, the first assets called on are usually airborne C4l
platforms such as E-3 AWACS. In the future, these platforms will increasingly have to
provide sophisticated battle staffs with advanced command and control decision aids
and multiple off-board/on-board sensor data fusion capability, resulting in the need
for a high data rate, multimedia communications network within the platform.
Examples of C4I platforms currently being defined and which have extensive
distributed information management needs include the Airborne Air Command Center
(AACC), with an IOC of 2005, and the Objective Widebody (OW) C4I aircraft, with an
IOC of around 2020. Functional requirements for future C4I aircraft will include
interactive fighter control (voice), sensor data processing (including imagery) for
targeting and situation assessment, real-time control of remotely piloted vehicles
(RPV’s) and guided weapons with sensor payloads. Data rate requirements internal to
the C4I aircraft are expected to progress rapidly from 1 Mbps currently for the E-3,
through approximately 5-10 Mbps for retrofits to current platforms (e.g., E-6) to 500-600
Mbps for future C4I systems.

Future commercial passenger aircrafts have similar requirements for flexible, high data
rate, multimedia networks to interconnect highly distributed, external and internal
computing and information resources with multiple, distributed terminal locations for
passengers and crew. Commercial passenger aircraft functional requirements include
telephone (voice), catalog purchases (data), movies (stream video), interactive
entertainment and video conferencing (video/imagery). Our current commercial
design solution for a Boeing 777 is based on 5.9 Mbps bandwidth available at each seat
for video display, key pad, telephone and headset, with an aggregate requirement for
the total airplane of about 500 Mbps of bandwidth.

The common denominators for both military and commercial aircraft are first, a need
for wide bandwidth digital networking, and second, a need to be able to handle a wide
variety of information traffic types (video/voice/data). Current hard-wired military
aircraft network designs cannot satisfy the projected performance and functional
requirements for future military C4I aircraft unique network (or networks) and
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development of such a system would be prohibitively expensive. The most affordable
and technically acceptable approach is a dual-use one based on commercial mass-
produced technology.

2.0. PROGRAM OBJECTIVE

The objective of the program is to demonstrate technology readiness and to develop an
architecture for implementing the airborne portion of the most demanding military
distributed information environment: support of a future C4I commander and staff
with real-time multimedia access to computing assets both off-board and on-board the
CAl aircraft. The proposed solution is an integrated services switched network (ISSN)
which we are currently evaluating for application to future commercial aircraft. This
technology is dual use in that the networking concepts are fully applicable to both
military C4I aircraft and to commercial passenger aircraft. The performance of
commercial technology in this area significantly exceeds equivalent military
technology; therefore, our emphasis will be on demonstrating the applicability and
readiness of this commercial aircraft concept to fulfill future military C4I aircraft
requirements.

The technical effort is composed of two tasks. In Task 1, we demonstrated a unique
multimedia architecture, developed to meet the needs of the occupants of a C4I aircraft.
However, the technology is fully dual use and equally applicable to commercial
passenger aircraft. This system is not available currently, is light-weight and affordable,
and meets the C4I aircraft commander’s needs. Task 1 is described in detail in Part I.

In Task 2, we defined and developed a design for future C4I aircraft based on
commercial standards and technology, and on candidate commercial aircraft hardware.
Commercial technology results in a least cost approach. High performance and light-
weight make the approach also applicable to other areas where C4I functions are
accomplished in a constricted environment, e.g., in ground mobile command posts or
on command ships. Task 2 is described in detail in Part II.
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PARTIL DEMONSTRATION OF CROSSPOINT SWITCH-BASED
INTEGRATED SERVICES SWITCHED NETWORK

1.0. OBJECTIVE

The objective in Part I of this program is to demonstrate the crosspoint switch-based
ISSN that will be capable of carrying up to four multimedia channels of mixed signals
of video, audio, and data using two key technologies; time-division multiplexing and
routing (switching). The crosspoint switch serves as a headend router. The time
division multiplexer is used for combining up to four channels onto one serial optical
output and the wavelength division multiplexer is used to achieve duplex transmission
capability. The key features of this system are, multimedia switching capability
without signaling or routing protocol, use of switched architecture with manual
connection setup, and use of COTS hardware.

2.0. BASELINE ARCHITECTURE DESIGN

2.1. Design Approach

The architecture design is based on the previous design trade studies on a commercial
airplane cabin management system (CMS). In the CMS topology, a headend unit serves
as the central distribution hub for all data types while a zone management unit (ZMU)
provides the secondary local hub for the various different zones of the aircraft. In this
program, the headend unit and ZMU will be combined into a single unit thereby
eliminating the fiber link between the two. This was done to minimize the cost of the
demonstration system and no generality in concept would be lost using this approach.

The design ground-rules used are; (a) active star topology, (b) central tuner with

remote selection of channels, (c) baseband signal through the distribution system, (d)

no decompression at the console, and (e) compatibility with either optical or electrical

transmission medium to the workstations. Based on these design ground-rules, the

following approach was adopted for the demonstration system design.

a) Use of standard video transport (NTSC) format sources; audio and data to be
compatible with the most commonly used industrial standard; EIA /TIA-250-C.

b) Use of time division multiplexing for multi-channel delivery over a single optical
fiber reducing the cabling by a factor of four.

c) Use of a 64 x 64 crosspoint switch to more closely mimic the actual number of
channels and number of workstation consoles.

d) Use of passive wavelength division multiplexing (WDM) to allow single fiber bi-
directional communication between the network headend and consoles.
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2.2. Demo System Architecture

The architecture of the demonstration system was derived in accordance to our general
design approach. The demonstration system consists of two units, ie., a source
transmit unit (combined Headend/ZMU) and a remote receive unit interconnected by a
single mode fiber. The source (transmit) unit is an IPITEK mini-chassis containing two
analog-to-digital converter (A/D) boards, a digital-to-analog converter (D/A) board, a
multiplexer/demultiplexer (MUX/DMUX) board, a transmitter (Tx), a receiver (Rx),
and a wavelength division multiplexer (WDM), all interconnected on a central
backplane. The remote (receive) unit is another IPITEK mini-chassis containing a
WDM, a Tx/Rx, a MUX/DMUX board, two D/A boards, and a A/D board, all
interconnected on a central backplane. The 64x64 crosspoint switch I/0O will tap into
the source unit’s backplane and will serve as a headend router. Baseline architecture of
the ISSN demo system is shown in Figure 2.2.1.
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- Figure 2.2.1. Baseline Architecture of the Integrated Services Switched Network



The demonstration system is capable of carrying up to four multimedia channels of
mixed signals (video, audio, and data). Each A/D converter can accept one analog
NTSC video source, four analog audio sources, and one R5-232 serial data source. Each
converter in Figure 2.2.1 is described in more detail in Figure 2.2.2. The video, audio,
and data inputs to each A/D converter are digitized into 12.5 Mbps, 8-bit video signal
and a combined audio and data signal, as shown in Figure 2.2.2, and multiplexed
together onto the 25 Mbps, 4-bit signal line. These four lines (as a 4-bit-wide bus) will
be routed off, via the backplane, to the input of a PC-controlled crosspoint switch.
Similarly, the D/A conversion process reverses the signal flow direction shown in
Figure 2.2.2. The time division multiplexer combines up to four channels onto one
serial optical output for an aggregate data rate of 500 Mbps. The duplex transmission
capability is achieved with WDM technology using two wavelengths of 1310 and 1550
nm. The digital data signal is converted back to analog by a D/A converter and
displayed on an active-matrix LCD or a standard CRT display on the receive end.
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| Figure 2.2.2. A/D Conversion Process for Video, Audio, and RS-232 Data
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2.3. Demo System Timing Analysis

There are two ECL-level clocks required to properly synchronize the data transfer
between the A/D boards and MUX board and also between the DMUX b&ard and D/A
boards. The CLKDI and CLKDI* clocks synchronize the transfer of the data from the
A/D boards to the crosspoint switch, and the transfer of the data from the crosspoint
switch to the MUX board. The CLKDO and CLKDO* clocks synchronize the transfer of
the data from the DMUX board to the crosspoint switch, and the transfer of the data
from the crosspoint switch to the D/A board. These ECL-level clocks can also be used
as the clock inputs to the LSI Logic crosspoint switch chip (L64270-40). However, the
L64270 crosspoint switch requires a TTL-level clock to operate its control programming
functions. Thus, the clock level translation is required. As is shown in the timing
control diagram (Figure 2.3.1), the ECL/TTL translator (Motorola 10H125) changes the
level properly. In addition, the external pipelined registers (National Semiconductor
74ACQ374) are required at the input and output of the crosspoint switch in order to
eliminate the impact of delay time associated with the introduction of the switch on the

MUX and DMUX timing characteristics.

Ok ECL/TTU «g— '
Transl X-bar Switch
) . Clk
AD X-bar Mux

Analog data | Reg#1 itch "1 Reg#2 | — P —P» Serial data

in out
AD Clk

: ‘e X-bar Switch
Timing Properties: T, =21-25nsec

ECUTTLTr. T,,,=1.0- 4.0nsec

Register Tprop = 2.0 - 9.0nsec
T,,=3.0nsec T = 2.0nsec

Mux T, =20nsecT = 20nsec

A/D module
Ty ~5-7ns€C

Figure 2.3.1. Timing Characteristics and Timing Control Diagram

The data is clocked out to the A/D boards by the CLKDI, CLKDI* ECL differential
clock. With the external pipelined registers around the LSI 64270 crosspoint switch
chip, data is clocked into and out of the crosspoint switch logic block with the same
timing as data would be normally transferred between the A/D boards and the MUX
board, but delayed for one complete clock period. Data coming from the A/D board is
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clocked into the input pipelined register. The previous contents of the input register,
which has already passed through the L64270, will be clocked into the output pipelined
register, appearing on the output of the register approximately 5 ns after the active
clock edge. The MUX samples the data inputs approximately 20 ns after the active
clock edge. Figure 2.3.2 and Figure 2.3.3 show the timing diagram with a clock and a
clock*, respectively, out of the ECL/TTL translator.
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1

L

Data out of } }
X-bar switctj word #1 word #2 /
I ) I
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Shalen
| | ja» |
P
t 1 |T su and Thoid [or
Effective Ty, and Mux.
Thold for Register Effective T,
and Tpgq for
Register

Figure 2.3.2. Timing Analysis with CLOCK from ECL/TTL Translator
in the MUX-to-A/D Forward-Direction Link

Even though the actual data has been delayed one complete cycle of 40 ns from the time
that it became available on the output of the A/D board, it will be fully synchronized
with the timing of the MUX board. Data is clocked into the pipelined registers by the
same clock which clocks the data into the output register of the A/D board. There is no
delay because the delay is made transparent by the external pipelined registers. As far
as the MUX is concerned, it can not see the difference between receiving data from the
A/D board directly or from the output pipelined register of the crosspoint switch logic
block. The same scenario applies to the data coming from the DMUX board to the D/A
board.
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Figure 2.3.3. Timing Analysis with CLOCK* from ECL/TTL Translator
in the MUX-to-A/D Forward-Direction Link

3.0. CROSSPOINT SWITCH BOARD DESIGN AND ASSEMBLY

3.1.  Crosspoint Switch Selection

The 64x64 crosspoint switch serves as a head-end router and will be effectively tapped
between A/D (or D/A) and MUX (or DMUX). A trade study was performed in order
. to select the appropriate crosspoint switch for the demonstration system. The switch

performance, switch board design issues (e.g., clock level translation, design
complexity), and overall cost were compared between two major products as shown in
Table 3.1.1. Based on the trade study, we selected the LSI Logic crosspoint switch for

the demo system. In this switch, any of the 64 outputs can be connected to any of the 64
inputs without any blocking constraints. Each of the 64 switches can be operated in a
flow-through mode with a delay of 25 ns from input to output or in a pipelined mode
with a delay of 15 ns from clock to output. As described in section 2.3, the switch is
selected to operate in a flow-through mode with external pipelined registers and thus
the propagation delay of 25 ns is made transparent by the external pipelined registers.

&
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Parameter Vitesse Switch LSI Logic Switch
| Substrate, Device GaAs, FET Si, CMOS
I/0 Ports 64 x 64 64 x 64
Scalability Cascadable Cascadable
Data Rate 200 Mbps 40 Mbps
Switching Capability Broadcast Broadcast
Functional Mode Clocked or Pipelined or
Flow-Through Flow-Through
Directionality Unidirectional Bi-directional
Timing Characteristics: ’
e FT-mode propagation delay 2.5-58 ns 25ns
e FT-mode data skew 2.5ns 4.0ns
e CL-mode clock skew 2.0-3.5ns 15ns
e CL-mode data skew 1.5ns -
e ECL/TTL translator delay 1.0-4.0 ns 1.0-4.0 ns
e D-FlipFlop register delay 2.0-8.5ns 2.0-8.5ns
e D-FlipFlop register data skew 1.0ns 1.0 ns
CPS Data/Clock Level ECL/ECL TTL/TTL
MUX Data/Clock Level TTL/ECL TTL/ECL
ECL/TTL Translator Requirement Required (DATA) Required (CLOCK)
Power Dissipation 94 W 0.5W
Test Board Level Complexity High (4 levels) Low (2 levels)
Crosspoint Switch Cost $850 $150

Table 3.1.1. Performance Comparison of Crosspoint Switches

3.2. Crosspoint Switch Board Design

The crosspoint switch test board was designed and fabricated. The following issues

were considered in switch board design:

e IPITEK mini-chassis interface to the switch board and its backplane modification for

the appropriate interfacing

¢ Crosspoint switch socket and adapter for easy load/unload

e Clock output option to accommodate the time delay issue associated with the

introduction of a crosspoint switch

* ECL/TTL clock level translation from MUX/DMUX to crosspoint switch
e PCdigital I/0 interface (National Instrument PC-DIO-96 1/0 card) to switch board
e Various power supplies (e.g., TTL, ECL level) and ground

13
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¢ Minimum 16 data signal lines to accommodate four multimedia channels (including

one extra channel for future use)

e Ground line for each group of data signal lines

The part list for crosspoint switch test board fabrication is shown in Table 3.2.1.

# Part Description Qty Manufacturer Part Number
1 Crosspoint Switch 1 LSI Logic 1L64270-40
2 Switch Socket 1 Emulation Technology | AB-160-QF07Z-P12-M-1*
3 Adaptor-to-Board 1 Emulation Technology | AB-160-QF07Z-P12-M-1*
4 | Register (D-Flip Flop) | 4 | National Semiconductor 74ACQ374
5| ECL/TTL Translator 1 Motorola MC10H125
6 14 pin DIP Header 4 Amphenol 842-816-14-30-6-35
(for ribbon cable) Protected, straight
7 50 pin DIP Header 2 Amphenol 842-816-50-30-6-35
(for ribbon cable) Protected, straight
8 | 100 pin DIP Connector | 1 Robinson Nugent P50E-100P1-51-TG
(for ribbon cable) Straight, male
9 | 100 pin DIP Connector | 1 Robinson Nugent P50E-100S-TG
(for ribbon cable) Straight, female
10 Molex Connector 1 Molex Molex8, 39-01-2080
11 Chip Resistors 4 - 130Q
4 82 Q
12 Chip Capacitors 1 - 0.1 uF
13 0.01 puF

* Gwitch Socket and its Adaptor-to-Board are considered as a set, so the same part
number is assigned by manufacturer.

Table 3.2.1. Part List for Crosspoint Switch Test Board

Figure 3.2.1 shows the design of a crosspoint switch test board and interconnection
between components. Details on switch integration will be described in section 3.3.

14
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3.3. Crosspoint Switch Integration

The crosspoint switch on the test board is connected through the backplane to the
MUX/DMUX board as shown in Figure 3.3.1.
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Figure 3.3.1 Crosspoint Switch Connection between A /D (D/A) and MUX (DMUX)

The 14-pin DIP sockets were installed in the U001, U002, U003, and U004 locations on
the IPITEK mini-chassis backplane. These sockets are used to accept 14-pin DIP
headers for interfacing the mini-chassis backplane to the external crosspoint switch
interface board. The pinout from the A/D on the backplane, through the pipelined
register, to the crosspoint switch is listed in Table 3.3.1 and from the crosspoint switch,
through the pipelined register, to the MUX board is in Table 3.3.2. Details of the
pipelined registers and ECL/TTL clock circuitry can be referred to Figure 3.3.1.
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Signal From To Signal From To
Name A/D Register Name Register CPS
1-00 U001-13 U2-03 DI-00 U2-02 CPS-004
1-01 U001-02 U2-04 DI-01 U2-05 CPS-005
1-02 U001-09 U2-07 DI-02 U2-06 CPS-006
1-03 U001-06 U2-08 DI-03 U2-09 CPS-007
1-04 U002-13 U2-13 DI-04 U2-12 CPS-008
I-05 U002-02 U2-14 DI-05 U2-15 CPS-009
I-06 U002-09 U2-17 DI-06 U2-16 CPS-010
1-07 U002-06 U2-18 DI-07 U2-19 CPS-011
Table 3.3.1. A/D - Input Register - CPS Interface Connection
Signal From To Signal From To
Name CPS Register Name Register MUX
Z0-00 CPS-001 U3-03 0-00 U3-02 U001-14
Z0-01 CPS-159 U3-04 0-01 U3-05 U001-12
Z0-02 CPS-158 U3-07 0-02 U3-06 U001-10
Z0-03 CPS-157 U3-08 0-03 U3-09 U001-08
Z0-04 CPS-156 U3-13 0-04 U3-12 U002-14
Z0-05 CPS-155 U3-14 0-05 U3-15 U002-12
Z0-06 CPS-154 U3-17 0-06 U3-16 U002-10
Z0-07 CPS-153 U3-18 0-07 U3-19 U002-08

Table 3.3.2. CPS - Output Register - MUX Interface Connection

The pinout from the DMUX board, through the pipelined register, to the crosspoint
switch is listed in Table 3.3.3 and from the crosspoint switch, through the pipelined
register, to the D/A board is in Table 3.3.4. Details of the pipelined registers and
ECL/TTL clock circuitry can be referred to Figure 3.3.1.
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Signal From To Signal From To
Name DMUX Register Name Register CPS
1-08 U003-01 U4-03 DI-08 U4-02 CPS-012
1-09 U003-03 U4-04 DI-09 U4-05 CPS-013
1-10 U003-05 U4-07 DI-10 U4-06 CPS-014
1-11 U003-07 U4-08 DI-11 U4-09 CPS-015
I-12 U004-01 U4-13 DI-12 U4-12 CP5-016
I-13 U004-03 U4-14 DI-13 U4-15 CPS-017
I-14 U004-05 U4-17 DI-14 U4-16 CP5-022
I-15 U004-07 U4-18 DI-15 U4-19 CP5-023
Table 3.3.3. DMUX - Input Register - CPS Interface Connection
Signal From To Signal From To
Name CPS ~ Register Name Register D/A
Z0O-08 CP5-152 U5-03 0-08 U5-02 U003-13
Z0-09 CPS-151 U5-04 0O-09 U5-05 U003-02
Z0-10 CPS-150 U5-07 O-10 U5-06 U003-09
Z0O-11 CPS-149 U5-08 O-11 U5-09 U003-06
ZO-12 CPS-148 U5-13 O-12 U5-12 U004-13
Z0-13 CPS5-147 Ub-14 O-13 U5-15 - U004-02
Z0-14 CPS-146 U5-17 O-14 U5-16 U004-09
Z0-15 CPS-145 U5-18 O-15 U5-19 U004-06

Table 3.3.4. CPS - Output Register - D/ A Interface Connection

The two differential clocks CLKDI, CLKDI* and CLKDO, CLKDO* are the transmit
data and receive data clocks, respectively. The CLKDI, CLKDI* clocks control the
transfer of data to the MUX board and the CLKDO, CLKDO* clocks control the transfer
of data from the DMUX board. These clocks and grounds are available on the IPITEK
backplane of the MUX/DMUX board as shown in Table 3.3.5.
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Parameter Connector Pin Number
CLKDI], CLKDI* J-02 27,29
CLK GND J-02 30, 32
CLKDO, CLKDO* J-03 27,29
CLK GND J-03 : 30, 32

Table 3.3.5. MUX/DMUX Clock and Clock Ground Assignment

The crosspoint switch is controlled by a PC-386 switch controller. National Instruments
PC-DIO-96 digital I/O board and its associated graphical programming software,
LabVIEW/Window, are installed into a PC-386 switch controller. The PC-DIO-9%6 is a
96-bit parallel digital I/O interface board to the crosspoint switch. The switching
control program is written with the LabVIEW software and the program allows the
manual setup of any connections among nodes. The interface connection between a
crosspoint switch and a PC-DIO-96 digital I/O board is shown in Figure 3.3.2.

19




< _] L0
8 » o | 2
§ 1 © J7: PC-DIO-96 Board 100 pin DIP Connector I g)
2 s | &
AESEBN G WRNPVU RS S o DS
O A S S — e ) N e = W
BRRNRNZRS SR LR s — e >

4 — CLO-7 REGADR.0-6 25 E I !
5 — SQE ¥ 13
§ . — — 156
g —1 ¥ % 155

8 &
10 — - o ——— 154
n— g LSI Logic L64270-40 g —— 133
< N
12— 3 64x64 Crosspoint Switch © — 152
13 — o ; — 151
14 o s — 150
15 ——— 149
16. — 148
17 — 147
22 — — 146
23 —— ——— 145
40 61 80 120 142 160 20 59 60 101 140 141
vdd (+5V) Vss (GND)

Figure 3.3.2. Crosspoint Switch Connection to Switch Controller
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4.0. SYSTEM INTEGRATION
4.1. System Assembly

As described in the previous sections all major system components such as source mini-
chassis, receive mini-chassis, crosspoint switch and its board, and switch controller
were separately prepared. Table 4.1.1 and 4.1.2 show the major system components
and auxiliary equipments list, respectively. They are assembled into the laboratory
demonstration system, so called “Integrated Services Switched Network.” Figure 4.1.1

shows the completed ISSN demo system diagram.

No Part Description Qty Manufacturer Part Number
1 | Mini Backplane 2 IPITEK IM-C(Q-4-Mini-BP
2 | Mini Chassis 2 IPITEK IM-CQ-4-Mini-CH
3 ]1310 MUX/DMUX 1 IPITEK IM-CQ-5-TxRx-1310-W
4 | 1550 MUX/DMUX 1 IPITEK IM-CQ-5-TxRx-1550-W
5 | A/D Board 3 IPITEK IM-CQ-ADS8-4
6 | D/A Board 3 IPITEK IM-CQ-DA8-4
7 | Dual WDM 2 IPITEK IM-CQ-4-WDM
8 | AM-LCD Monitor 1 Sharp 6M-40U (5.6”)
9 | Digital I/O Board 1 Nat’]l Instrument | PC-DIO-96/NI-DAQ
10 | LabVIEWI/O SW 1 Nat'l Instrument | Basic Package
Table 4.1.1. Major System Components for Demo System
No Part Description Qty Manufacturer Part Number
1 ] VCR (VNS) 3 SamSung VCR8704
2 | Camcorder 2 SamSung SCEF703
3 | RF Modulator 1 Pioneer JA-RF3L
4 | TV Monitor 5 Sony N/A
5 | PC-286 2 IBMPC/AT N/A
6 | PC-386/33 1 Everex N/A
7 | Audio Amplifier 2 Optimus SA-155
8 | Headphone 2 Sima EditMike Pro

Table 4.1.2. Auxiliary Equipments for System Demonstration
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4.2. Demo System Features
Main features of the integrated demo system are as following;:

e Multimedia handling capability of up to 4 video, 16 audio, and 4 RS-232 data channels
e Video resolution of industry standard 8-bit, 12.5 MHz sampling rate

e Wavelength division multiplexing technology with 1310 and 1550 nm

e Optical link budget of 28 dB (for 1310 nm link) and 22 dB (for 1550 nm link)

e Signal rate of aggregate 500-600 Mbps over single or multimode fiber

e Distance of 50 km (for single mode) and 2 km (for multimode)

e Signal quality of SNR > 67 dB (for video), SNR > 72 dB (for audio)

o Video output signal level of 1.0 Vp-p with 75 Q termination

» Audio output signal level of 7.2 Vp-p with 50 Q termination

5.0. SYSTEM TEST AND EVALUATION

The ISSN test and evaluation plan, developed in consultation with the customer, took
advantage of the fully integrated brassboard module (mini-chassis) emphasizing the
end-to-end link performance of the entire system. Individual components were tested
to the manufacturer’s specifications. The key tests performed by Boeing include; (a)
link frame synchronization test, (b) multimedia transmission test, (c) crosspoint switch
integration test, and (d) integrated multimedia switching test.

The results from qualitative testing of the crosspoint switch-based network can be used
for comparison with a high level protocol oriented (i.e., self-connection setup) network
such as the ATM-based network to be assessed in task 2 of the contract. The simplicity,
controllability, and the quality of multimedia signals at the receive end of the
crosspoint switched-based integrated services switched network is an important
measure for comparison of the two approaches.

5.1. Link Frame Synchronization Test

5.1.1. Objective
To verify the functionality (e.g., frame synchronization capability) of a direct link
without the crosspoint switch. The tests will ensure that the two nodes (i.e., IPITEK
mini-chassis) are able to communicate by initiating and maintaining frame
synchronization.

5.1.2. Approach

The two IPITEK mini-chassis will be connected to form an end-to-end link, and the
basic functionality of the backplane board and the A/D, D/A, and MUX/DMUX
boards will be verified. The LED indicators and test pads of the IPITEK mini-chassis
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will be used to monitor the proper setup operation of the end-to-end link. In addition,
the optical power will be measured to determine the link budget. All test results will

be documented.

5.1.3. Test Items

a)
b)
c)
d)
e)
f)

g)
h)
i)

Power supply levels on the MUX/DMUX boards
MUX clock generation

DMUX clock recovery

Optical link budget

MUX and DMUX functionality

A/D and D/A functionality

Clock recovery after link interruption

Clock recovery after power outage

Data output on the backplane board

5.1.4. Test Procedure :
The system will be tested as a direct link in both uni- and bi-directional modes without

any video, audio, and data input signals. This will be achieved by connecting the A/D
(D/A) board directly to the MUX (DMUX) board as shown in Figure 5.1.1. A
description of the test procedure is as follows:

a)

b)

c)

d)

e)

f)

Set appropriate supply voltages (for Vcc, Vtt, and Vee) to the mini-chassis. Do not
apply any data input yet. Connect the two mini-chassis with a single mode fiber.
Insert an optical attenuator with an enable/disable function between the two mini-
chassis and set an appropriate attenuation level (approximately 5 dB). This will

- prevent the transmitter from oversaturating the receiver.

Supply voltages (but no data) to the mini-chassis. Ve, Vit, and Vee will be
measured on test pads of the backplane board located below the bottom LED
indicator for the MUX/DMUX boards.

Measure the clock and clock* from the MUX and DMUX, respectively (Pin 27 and 29
on J02 and J03, respectively). This verifies that the MUX and DMUX are generating
and recovering the 25 MHz clock, respectively. Verify the clock frequency and logic
level. This will ensure that the proper fill data is being sent between nodes to
initiate and maintain synchronization of the multiplexers.

Measure the optical power from both the 1310 and 1550 nm transmitters at the final
connector at the opposing mini-chassis. Determine the range and optical link
budget of the system. The wavelength dependence of the attenuator will be taken
into account.

Monitor the LED indicators at the front panel of the mini-chassis on the
MUX/DMUX boards. This verifies proper operation of the MUX/DMUX.

Monitor the LED indicators at the front panel of the mini-chassis on the A/D and
D/A cards. This indicates proper interfacing between the converter cards and the

system.
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g) The attenuator in the link will be enabled and disabled to verify the system’s
capability of rapidly resynchronizing after an interruption in the physical
connection.

h) It will be verified that the receiving nodes recover gracefully after experiencing the
network system power down or temporary breaks in the phy51ca1 link.

i) Verify that the data with proper TTL levels is present at 14 pin connectors providing
the access to the crosspoint switch.

4
: o 7% D/A
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Figure 5.1.1. Network for Link Frame Synchronization Test

5.1.5. Test Results

a) Power supply levels on both source and remote MUX/DMUX boards were
measured: Vee =-5.16 V, Vtt =-2.05 V, Vcc = 4.97 V at a headend board; Vee = -5.23
V, Vit =-2.06 V, Vcc = 5.00 V at a remote board.

b) MUX clock generation was verified; the level and pulse width were 5.0 V and 40 ns,
respectively for both clock and clock*.

¢) DMUX clock recovery was verified; the level and pulse width were 5.0 V and 40 ns,
tespectively for both clock and clock*.

d) Optical link budget was measured for both directions: For a 1550 nm laser hnk the
sensitivity and saturation were measured to be -30 dBm and -7.0 dBm, respectively,
allowing the link budget of -23 dB; for a 1310 nm laser link, the sensitivity was -28
dBm and the saturation was limited by Tx to -0.6 dBm providing the link budget of
-27.4 dB. This optical link budget is compliant with the manufacturer’s specification
(25+3 dB).

e) MUX and DMUX functionality were verified. SOURCE/PASS LEDs indicated the

& proper capture of baseband video signals. Tx and Rx ALARM LED monitors




indicated proper function of Tx and Rx. FRAMED LED monitors indicated DMUX
properly put the data to Rx.

f) A/D and D/A functionality were verified. A/D, D/A LED fault monitors were off
which indicated proper function of the A/D and D/A cards.

g) Clock recovery after link interruption was verified. Clock recovered immediately

after interruption.
h) Clock recovery after power outage was verified. Clock recovered immediately after

power interruption to MUX/DMUX mini-chassis.

i) Data output on the backplane board was verified. All outputs of the backplane
board that would be used to interface to the switch presented the proper TTL levels
of 5.0 Vp-p and pulse width of 40 ns.

In short, all components on the MUX/DMUX chassis and the end-to-end link were
functional as specified.

5.2. Multimedia Transmission Test

5.2.1. Objective
To verify the bi-directional transmission of video, audio, and RS-232 data across the

end-to-end link.

5.2.2. Approach

Video cameras and VCRs will provide the analog NTSC composite video and audio
sources for the A/D cards. “Procomm,” a commercial R5-232 communication link
software package will be used for the switch controlling communications between the
two PC’s that will provide the RS-232 data to be transmitted across the link. A bi-
directional RS-232 link will be maintained. Information will be transmitted in both
directions simultaneously to verify the two-way operation of the system. All test

results will be documented.

5.2.3. Test Items

a) One-way video transmission

b) Two-way video transmission

c) One-way audio transmission

d) Two-way audio transmission

e) One-way RS-232 data transmission
f) Two-way RS-232 data transmission

5.2.4. Test Procedure
The system will be tested as the end-to-end link described in Section 5.1 with

multimedia signals being transmitted. The video, audio, and RS-232 data signals will
be connected to each input (or output) terminal of the mini-chassis.  The
implementation is shown in Figure 5.2.1.
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The video inputs will accept NTSC composite video signals with 1.0Vp-p (+ 0.5V
swing), terminated in 75W (at A/D, but not D/A). The video output that is an analog
reconstruction of the NTSC composite signals, will drive a 75-W load. The audio
inputs can accept 600-W balanced inputs with 7.4Vp-p (£ 3.68V swing). The audio
outputs can drive 50-W outputs with 7.4Vp-p (+ 3.68V swing). The RS-232 data
interface operates in a bi-directional mode and supports a signal rate of up to 9.6
Kbaud. Each A/D converter can support one RS-232 compatible asynchronous serial
data input (for transmitting) and each D/A converter provides a serial data output (for
receiving). Three video channels will be handled by the link in the demonstration.
Two video channels will be transmitted in the forward direction and one in the reverse
direction.

At least one single audio channel will be demonstrated along with each video signal.
There will be also at least one bi-directional RS-232 link connecting two PC’s.

Video 4 Video
—> . = E 71 D/A [P
Audlg AD » i TXIH— - >c<: Audio
Data D A= 1310am q | Data
—
Ot {wov]
WDM LEM
Vigeo N A= 1550 nm d &9
Audio 4 o 4 Audio
pd Z il £
Data = ol Data

Figure 5.2.1. Network for Multimedia Signal Transmission Test

A description of the test procedure is as follows.

a) The RS-232 data, audio, and NTSC video sources on the mini-chassis at a head-end
will be turned on one at a time. The quality of the video, voice, and RS-232 data at
the receiving node will be recorded. Then, the sources at the user-end will be
turned on to demonstrate the bi-directional operation of the system.

b) A fiber link will then be disconnected and reconnected using an enable/disable
function of the attenuator to verlfy the system’s capability of rapldly
resynchronizing after an interruption in the physical connection.




¢) It will be verified that the receiving node’s data, audio, and video interfaces recover
gracefully after experiencing the network system power down or temporary breaks
in the physical link.

d) The impact on quality of video, audio, and RS-232 data will be recorded.

e) It will be verified that the quality of video, audio, and data is maintained over the
link budget as determined in Section 5.1.

5.2.5. Test Results
a) One-way video transmission was verified. No negative impact on video quality

was observed through the MUX/DMUX minj-chassis.

b) Two-way video transmission was verified. |

¢) One-way audio transmission was verified.

d) Two-way audio transmission was verified. A feedback problem was observed due
to the physical proximity.

e) One-way RS-232 data transmission was verified.

f) Two-way RS-232 data transmission was verified.

In short, the end-to-end link was functioning correctly as specified. Consumer-grade
TV quality of video and data were maintained during transmission across the end-to-
end link in both directions. There was a feedback problem in the two-way audio mode

due to the physical proximity.
5.3. Crosspoint Switch Control Test

5.3.1. Objective

To verify the proper operation of the crosspoint switch and the layout design of the
switch test board. To verify the functionality of the LabVIEW/Window program
written for the crosspoint switch control. This test will ensure the proper control of
National Instruments PC-DIO-96 digital I/O board that interfaces with the crosspoint

switch.

5.3.2. Approach :

National Instruments PC-DIO-96 digital I/O board and associated software
(LabVIEW /Window) will be installed into a PC-386 switch controller. The PC-DIO-96
is a 96-bit parallel digital I/O interface board (for IBM PC’s) which will be connected to
the crosspoint switch. The I/O board uses 24-bit programmable peripheral interfaces
(PPI’s) and each PPI can be divided into three 8-bit ports. All the necessary control
signals of the crosspoint switch are assigned to the same PPL LabVIEW /Window is a
graphical programming software. The switching control program, that allows the
manual setup of any connections among nodes, will be written using the LabVIEW

software.

The switch controller outputs will be monitored with an oscilloscope after entering data
into each input with a pattern generator. Whether the connections are correct and the
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data is not corrupted will be verified. The situation that generates potential noises and
crosstalks will be simulated using a pattern generator.

The interconnection between a crosspoint switch and a switch controller I/O board is
shown in Figure 5.3.1. In this test the functionality and configurability of a crosspoint
switch will be verified using the LabVIEW program. All the potential connections of
the system will be entered to verify that the I/O board is providing the correct data at
the outputs for controlling the crosspoint switch. The potential connections will
include the singlecast and multicast/broadcast setups. All test results will be
documented.

5.3.3. Test Items

a) Switch configuration setup

b) Singlecast connections

c) Multicast/broadcast connections

5.3.4. Test Procedure

Verify correct outputs for configuring the switch, for example, 4-bit wide bus, flow-
through, uni-directional mode operation. Then, determine the translation between a
desired connection and the I/O outputs. Enter all potential connection configuration
requests on the switch controller PC and verify that the actual outputs of the I/O card
correspond to the predicted outputs. This will be accomplished using a pattern
generator and an oscilloscope.

The interconnection of the crosspoint switch between A/D (D/A) and MUX (DMUX) is
shown in Figure 3.3.1. Verify that the crosspoint switch is properly switching 4-bit
wide words in the uni-directional, flow-through mode. Determine the translation
between the desired connection request and inputs/outputs of the crosspoint switch
board. Then, enter all potential connection requests on the PC and verify that the data
outputs of the crosspoint switch board correspond to the data inputs. :

5.3.5. Test Results

The output of the PC-DIO-96 was verified for the various mode configurations required
to operate the crosspoint switch. Figure 5.3.1 shows the pin translations between the
PC-DIO-96 board and the crosspoint switch adapter pins.

First, the following parameters were set up in order to program the crosspoint switch to
the proper operation mode:

BDCYC1:  Low for unidirectional switch

BNKLDIL:  High for flow-through mode

PMODE: High for bus output to be pipilined

ClL.6: Low for automatically enabling output drivers
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Second, the crosspoint switch controller (PC-DIO-96) digital I/O ports were assigned to
the crosspoint switch’s relevant pins:

Port#0 (APAQto 7):
Port #1 (APB 0 to 6):
Port #2 (APC 0 to 4):

Control input bus, CI.0 - CL.7
Address on control register, REGADR.0 - REGADR.6
All other switch parameters, BDCYC1, CLK, BNKLDI, OE*, WE*
The configuration setup (Table 5.3.1) was verified on the crosspoint switch board.

Port 0 | Parameter CL7 ClL6 CL5 Cil4 | CI13 | Cl2 | CI11 | CLO
Board pin # 33 35 37 39 41 43 45 47
Expected level 0 0 0 0 0 0 1 1
Measured level 0 0 0 0 0 0 1 1

Port 1 | Parameter REGADR | REG | REG | REG | REG | REG | REG | REG

7 .6 5 A4 3 2.1 1 .0
Board pin # 19 21 23 25 27 29 31 33
Expected level 1 0 0 0 0 0 0 0
Measured level 1 0 0 0 0 0 0 0

Port 2 | Parameter N/A | N/A | N/A | WE* | OE* | BNKLDI | CLK | BDCYC1
Board pin # 1 3 5 | 7 9 11 13 15
Expected level 0 0 0 1 0 0 0
Measured level 0 0 0 1 0 1 0 0

Table 5.3.1. Configuration Setup of Crosspoint Switch Board

Then, the configuration was verified on the crosspoint switch board.
First, the switch inputs DL0 - DI.3 (mput word 0) to outputs Z.0 - Z.3 (output word 0)

as shown in Table 5.3.2.

Port 0 | Parameter CL7 | Clée | CI5 | CI4 | CL3 CIL.2 ClL1 ClL.0
Board pin # 33 35 37 39 41 43 45 47
Expected level 0 0 0 0 0 0 0 0
Measured level 0 0 0 0 0 0 0 0
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Port 1 | Parameter REGADR | REG | REG | REG | REG | REG | REG | REG
7 .6 S 4 3 2 1 .0

Board pin # 19 21 23 25 | 27 29 31 33
Expected level 0 0 0 0 0 0 0 0
Measured level 0 0 0 0/1 0 0 0 0

Port 2 | Parameter N/A | N/A | N/A | WE* | OE* | BNKLDI | CLK | BDCYC1
Board pin # 1 3 5 7 9 11 13 15
Expected level 0 0 0 1 0 1 0 0
Measured level 0 0 0 1 0 1 0 0

Table 5.3.2. Crosspoint Switch Board Input/Output (DL.0-DL3/Z.0-Z.3) Setup

Second,the switch inputs DI.4 - DL.7 (input word 4) to outputs Z.4 - Z.7 (output word 4)

as shown in Table 5.3.3.
Port 0 | Parameter Cl7 | Cl6 | Cl5 | CI4 | CL3 | CI.2 | CI1 ClL.0
‘Board pin # 33 35 37 39 41 43 45 47
Expected level 0 0 0 0 0 1 0 0
Measured level 0 0 0 0 0 1 0 0
Port 1 | Parameter REGADR | REG | REG | REG | REG | REG | REG REG
7 6 5 4 3 2 1 .0
Board pin # 19 21 23 25 27 29 31 33
Expected level 0 0 0 1 1 0 0 0
Measured level 0 0 0 1 1 0 0 0
Port 2 | Parameter N/A | N/A | N/A | WE* | OE* | BNKLDI | CLK | BDCYC1
" |Boardpin# | 1 3 5 7 9 11 13 15
Expected level 0 0 0 1 0 1 0 -0
Measured level 0 0 0 1 0 1 0 0

Table 5.3.3. Crosspoint Switch Board Input/Output (D1.4-D1.7/Z.4-Z.7) Setup
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In short, the PC-DIO-96 Digital I/O’s communicate correctly with the crosspoint switch
I/O’s. This implies that the crosspoint switch board layout is also correct. Test board
functionality is verified indirectly through the switched multimedia tests in section 5.4.

5.4. Integrated Multimedia Switching Test

5.4.1. Objective
To verify the end-to-end functionality of the fully integrated switched multimedia
network with the crosspoint switch.

5.4.2. Approach

The system test will utilize the fully integrated switched network emphasizing the end-
to-end link functionality and performance of the entire system. The crosspoint switch
will be connected, through the mini-chassis backplane board, between A/D (D/A) and
MUX (DMUX). By controlling the crosspoint switch through a LabVIEW Window
program, the signal routing capability (singlecast and multicast/broadcast) will be
tested. The system functionality of multimedia signal transmission will be tested by
simultaneously transmitting NTSC video, audio, and data on the same channel. The
results from qualitative testing of the crosspoint switch network will be used for
comparison with a high level protocol oriented (i.e., self-connection setup) network
such as the ATM network to be assessed in Task 2. All test results will be documented.

5.4.3. TestItems

a) Simplex multimedia (video, audio and data) signal switching (singlecasting)
b) Simplex multimedia signal switching (multicasting/broadcasting)

¢) Bi-directional multimedia information transmission

5.4.4. Test Procedure ,

The implementation diagram for this fully integrated switched multimedia signal
transmission test is shown in Figure 5.4.1. All tests in Section 5.2 will be repeated with
a crosspoint switch connected and the test procedure will be the same as before (refer to
the test procedure in Section 5.2.4). All of the potential connection scenarios will be
entered on the switch controller and the multimedia information quality will be
assessed and recorded.
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Figure 5.4.1. Network for Switched Multimedia Signal Transmission Test

5.4.5. Test Results

The fully integrated switched multimedia network functionality was tested in a
specified routing configuration (singlecast and multicast/broadcast). The integrated
services switched network (ISSN) was mostly able to successfully distribute high
quality multimedia information between a head-end and a user-end. For convenience,
we will call a head-end unit as control center (CC) and user-end unit as remote

terminal (RT).
5.4.5.1. Simplex and Duplex Singlecasting Test

A. CCvideo camera to RT-1

Video:  Video quality is good and without speckle in both directions. 4

Audio:  Audio quality is good in both directions except RT-1 has slight static. Note
that audio is very sensitive to background noise and also to the change of
crosspoint switch power supply. It was found that Vcc = +425V, -5.10 V was
the optimum value, and a very narrow window existed for satisfactory video
and audio quality. ‘
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Data: Using Procomm, a commercial R$-232 communication link software package,
e-mail messages were successfully transmitted in both directions. File
transmission was also tested in both directions using an XMODEM protocol.
During repeated tests, zero to three errors were detected in 100KB files.

B. CC VCR to RT-1

Video:  Video quality looks very good in both directions. No speckle.
Audio:  Audio quality is good in both directions. No static.

Data: No capability in this mode.

C. CCvideo camera to RT-2

Video:  Video quality is good except for a small amount of speckle. This could be
eliminated by adjusting (decreasing) a crosspoint switch power supply, but
this in turn will degrade audio quality. Thus, a narrow range exists for the
optimum power supply value for satisfactory media transmission.

Audio:  Audio quality is good in both directions except for a slight background static.

Data: E-mail messages were successfully transmitted from CC to RT-2. No errors
were detected for the 3 to 4 row message of same characters. File
transmission failed as expected due to the simplex connechon which does
not allow handshaking.

D. CCVCR to RT-2

Video:  Video quality looks good in both directions. Slight speckle.
Audio:  Audio quality is good in both directions. No static.

Data: Design does not allow this capability.

E. CC video camera to CC

Video:  Video has a severe noise and frame jumping problem.

Audio:  Audio has continuous static problem and does not play back at all.
Data: Design does not allow this capability.

F. CCVCR to CC

Video:  Video has a severe noise and frame jumping problem. -
Audio:  Audio is playing back with a severe static problem.
Data: Design does not allow this capability.

G. RT video camera, VCR to RT-1 :

Video:  Video has a severe noise and frame jumping problem. RT-2 also has
degraded video in this mode even though it is receiving CC VCR.

Audio:  Audio is playing back with a severe static problem. RT-2 has degraded audio
in this mode even though it is receiving CC VCR.

Data: Errors are continuously generated.

E
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H. RT video camera, VCR to RT-2
Video:  Video has a severe noise and frame jumping problem RT-1 is not negatively

impacted.
Audio:  Audio is playing back with a severe static problem.
Data: Errors are generated.

5.4.5.2. Simplex and Duplex Multicasting/Broadcasting Test

A. CC video camera to RT-1 and RT-2

Video:  Video quality is good and no speckle in RT-1, but slight speckle in RT-2.

Audio:  Audio quality is good in both RT-1 and RT-2. No static.

Data: E-mail messages were successfully transmitted from CC to RT-1 and RT-2.
No errors were detected for the 3 to 4 row message of same characters. File
transmission to RT-1 was also tested in both directions using an XMODEM
protocol, but not to RT-2 (no handshaking capability). During repeated tests,
one to three errors were detected in 100KB files.

B. CC VCR to RT-1 and RT-2

Video:  Video quality is good and no speckle in both RT-1 and RT-2.
Audio:  Audio quality is good with very little static.

Data: Same as A.

C. CC video camera to RT-1, RT-2, and CC

Video:  Video quality is good and no speckle in both RT-1 and RT-2.
Audio:  Audio quality is good with very little static.

Data: Same as A.

D. CC VCR to RT-1, RT-2, and CC

Video:  Video has frame jumping problem in both RT-1 and RT-2.
Audio:  Audio quality is good with very little static.

Data: Same as A.

E. RT-1 VCR to RT-1, RT-2, and CC

Video:  Video quality is good and no speckle in both RT-1 and RT-2.
Audio:  Audio quality is good with very little static.

Data:-  Same as A.
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6.0. CONCLUSION

Boeing demonstrated successfully a crosspoint switch-based system in Task 1 of the
Integrated Services Switched Network (ISSN) program. The key features of this phase
of the ISSN demonstration are the use of COTS hardware, the absence of a
communications protocol, the use of switched (as opposed to shared) architecture, and
a centralized connection setup. The absence of a signaling and routing protocol
simplified the architecture significantly. Circuit switching eliminated resource sharing
and potentially contention-related data loss and latency as well. The scheme had less
need for compression technology due to the availability of relatively high bandwidth
and thus would not require MPEG encoder/decoders. This in turn minimized the
pote